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Abstract

Plant communities subjected to severe and repeated perturbations tend to show simplified structure.
Kings Park, an area originally reported to contain a eucalypt-sheoak (Eucalyptus-Allocasuariua) forest, has
been sequentially reduced to a mixed woodland of sheoaks and banksia (Baiksia), and more recently to a
woodland dominated by sheoaks. Of the trees surveyed in the natural bushland section of Kings Park
following the severe January 4, 1989 wildfire, only 37% were showing epicormic resprouts after 3 months.
By September 1989 a total of 61% displayed either epicormic stem resprouts or basal resprouts and by May
of 1990, following further resprouting, but also some later deaths, the total tree survival was 68% of the
original tree population. Of this 68%, however, only 16% retained canopy resprouts after one year; the
remainder essentially being reduced to the level of the shrub layer. At the level of species, the sheoak,
Allocasuarina fraseriana, showed slightly better survival compared to the banksias, B. atteuuata, B. menziesii
and B. grandis, which, in turn, were better than any remnant eucalypts. Surviving trees tended to be trees
of smaller than average diameter or height. Future summer fires are expected to further reduce the
remaining tree canopy, thus further reducing the structural diversity of the native regions of the Park.

Introduction

The natural bushland areas of Kings Park formerly
contained a open forest variously dominated by Eucalyptus
§omphocephala DC. (tuart), E. calophylla Lindley (marri) and

- marginata Donn ex Sm. (jarrah). Over the past century

s dominance by eucalypts has gradually given way to a

low woodland consisting of Allocasuarina fraseriana (Miq.)
- Johnson (sheoak), Banksia attenuata’ R.Br. (slender
banksia) and B. menziesii R.Br. (firewood banksia) (Beard
967, Bennett 1988). The degradation appears correlated, in
Part, with frequent summer wildfires. In previous papers,
" has been reported that this conversion to an open
Woodland of banksia and sheoak was due to the greater
tolerance to fire (Main & Serventy 1956, Baird 1977) or the
8reater ability to compete for moisture (Beard 1967) of the
Shcoaks and banksias compared to the eucalypts, although
:0 direct evidence was presented. Paradoxically, these
Uthors also report that the banksias suffer the effects of
res less due to thick, hard bark compared to the sheoaks
Mth their reported thin and rough bark, yet both species
la]s‘t}e Successtully dominated the woodlands for at least the
W thirty years when fires have been inore frequent
Ycherley 1984).

CQO" January 4, 1989, a very severe wildfire swept the
contral and southern regions of the Park (Fig 1), completely
ca1'1‘5Unﬂng the understorey and burning most of the
eni DY leaves and small branches. When resprouting from
aPICOI‘mlC buds began to show following the fire, it
t}l]’aPeared that many more trees failed to survive the fire
(Bar Was expected from previous experience in the Park

®ard 1967, Baird 1977). In March, a section of burned
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woodland was surveyed and mapped to assess the impact
of the fire on the survival of trees in the Park. Subsequent
re-surveys in September 1989 and May 1990 documented
further changes to the original canopy structure of this
region. The report presented here compares differences
between species, diameter and height of the trees over
these three surveys.

Methods

A belt transect of 41 quadrats of 10m X 10 m was
established between Winthrop Avenue and May Drive (Fig
1). In each permanently marked quadrat all stems greater
than 4 cm were mapped, measured for diameter at breast
height over bark and estimated for tree height. Stems were
identified to species and in the case of Allocasuarina
[raseriana, female trees with ‘cones’ were noted separately
from the male and non-reproductive trees. Trees showing
resprouting during the March sampling period were
recorded as alive; all others were recorded as dead. During
the winter, it was apparent that some of the trees, originally
recorded as dead, were producing basal resprouts. Conse-
quently, in September all trees were re-assessed for sur-
vival and the form of resprouting (stem, basal or both) was
noted.

During the dry summer period, it was further noted that
some trees that had initially resprouted had subsequently
died, but there were additional trees, formerly assessed as
dead but now showing basal resprouting. In' May 1990, a
third assessment of each tree provided categories of
original fire deaths, deaths following some resprouting,
survival as stem resprouters and survival as basal re-
sprouts. All stems greater than 4.0 cm diameter at breast
height (DBH) and over 2 m in height measured in March
1989 were assumed to constitute the original tree canopy
population. The original population structure was assessed
using size and height classes (8cm and 1m intervals,
respectively). Analysis of Variance with Fisher's Least
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. onificant Difference (LSD) was used to determine the
Stl,%tri:tgca] significance of the matrices of taxa claSSJfled
in(itially by response category and subdivided by height

and diameter.

Results

ree population sampled in Kings Park in Mg\rch
]gg;ei;dical?eg that the shlzeoak, Allocasuarina fraseriana,
aumbered more than 55% of the stems occurring in the
sampling transect (Table 1). The three members of the
nus Banksia made up 38% of the stems with B. attenuata
cgntributing 30% of this total. The eucalypts in the transect
at the present time numbered only 3% of the tree stem total.

A

50 7 All Trees

Percentage

o
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Diameter Class
( 8 cm intervals from 0-80 cm)

1 2 3

All Trees

Percentage
Pd
(=
1

a
1

0
12345678 91011121314

Height Class
(1 m intervals from 2.0-16.0 m)

Figure 2. A Diameter class frequencies for diameter at
breast height (classes of 8 cm beginning at 0 cm) and B
height class frequencies (classes of 1 m beginning at 2.0 m)
for the stem population in the Kings Park study transect of
March 1989.
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Table 1

Stem densities of trees in the Kings Park study transect in
March 1989 (41 quadrats of 10 x 10 m)

Tree Taxa Stems Stems Relative
intransect  per ha.  Density %
A. fraseriana—Female 68 166 144
A. fraseriana—Male &

Unknown Sex 195 476 41.3
Allocasuarina fraseriana—

All stems 263 641 55.7
Banksia attenuata 140 341 29.7
B. grandis 7 17 1.5
B. menziesii 30 73 6.4
Eucalyptus gomphocephala 5 12 1.1
E. marginata 9 22 1.9
All other tree species 18 44 3.8
All trees 472 1,151 100.0

The patterns of diameter classes of the stems followed
the typical negative exponential curve of frequency (Fig 2).
Mean diameter for all trees was 14.0+0.5 cm. The somewhat
reduced population of the first diameter (0-8 cm) class was
caused by the limitation of 4 cm for the classification of
trees for inclusion in the sample. The frequency of one
metre height classes revealed a more poisson-like curve
with a mean height of 6.240.1 m. Under the height and
density system of Specht (1970), the vegetation prior to the
fire would have been classified as a “low, open wood-
land”.

The initial post-fire survey revealed that only 37% of the
stems had resprouted in the three-month interval since the
fire (Table 2}. In the subsequent 6 months to September the
total had risen to 61%, finally reaching a total stem survival
record of 68% in May 1990. Although the initial record
indicated that there was little difference between the
survival of sheoaks and the banksias, the final record
indicated that only 51% of the original banksia stems had
resprouted by May 1990 comﬁared to 82% for Allocasuar-
fna. The remaining species, which included the eucalypts,
fared even more poorly with only a 41% survival value 16
months following the wildfire. As with the she-oaks,
30-40% of the original stand of this group was recorded as
dead at the first sampling, but subsequently produced
resprouts.

The May 1990 assessment revealed that of the 33% of
stems dead in the survey, most (29%) were killed directly
by the fire; the remainder subsequently dying after having
initally resprouted (Fig 3). About half (51%) of the original
canopy population was reduced to basal sprouting indi-
viduals, with the remaining 16% as stem-resprouts. Com-
pared to the partition for all stems, the better overall
survival in Allocasuarina fraseriana was attributable to a
greater ability to resprout from the base.

The division of sexes in Allocasuaring appeared to
indicate that a greater proportion of females were killed by
fire compared to the male and unreproductive category.

Table 2

Survivorship as judged by resprouting in the survey trees
of Kings Park following the fire of 4 January 1989

March  September May

Taxa 1989 1989 1990

All Trees 37% 61% 68%
Allocasuarina fraseriana 41% 77% 82%
All banksias 37% 41% 51%
All other species 6% 39% 41%
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A All Species
P Allocasuarina fraseriana
Stem
resprouting Killed by
original fire
Basal /
resprouting
Resprouted but died
prior to May'90

C D

Allocasuarina fraseriana
Allocasuarina fraseriana - female Male & Unknown sex

4

E F
Banksias All '"Others"

e
Figure 3. Proportions of stems of A All Species, Allocasuarina fraseriana (B all together and C D separated by sex),. E 2115
Banksias and F All “Other” species in the following categories: 1) Killed by the original fire; 2) Resprouting individt
which died prior to May 1990; 3) Stem resprouting individuals; and 4) Individuals with only basal resprouts.
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However, this may be a spurious result since this latter
category might be expected to contain stems which were
genetically female, but did not carry fruit. The impact of
the fire was generally greater on the banksias and the
eucalypts with nearly half of their original populations of
stems failing to resprout following the fire.

_ The analysis of variance revealed that the stems surviv-

ing the fire as basal resprouts only tended to be the smaller

trees, both in diameter and height (Table 3). Also, the trees

which initially resprouted but subsequently died were

generally larger than those trees in the other categories.
hese trends were similar in all groups of taxa.

Discussion

The summer fire of January 1989 had a much more
Severe impact on the tree vegetation of Kings Park than
had been observed following previous summer fires. Beard
(1967) wrote “Both banksia and casuarina are hardy to fire
and well withstand severe crown fires which destroy not
only their leaves but the smaller branches as well.” Baird
(1977) was also impressed with the ability of the vegetation
of Kings Park to survive fires, indicating that “none of the
frees is fire-sensitive, all are capable of sprouting from
€picormic buds although some suffer more damage than
Others.” She also indicated that although none of the tree
Species were killed by fire, too frequent fires had a
tendency to reduce certain species and that severe fires did
kill the” smaller saplings. Given these comments, the
Observed survival rates of only two out of every three trees
0110wing the latest severe fire, is clearly most unexpected.

The present study has unequivocally documented that
the latest fire has had a drastic effect ‘on the larger trees
"egardless of species. Under conditions of severe crown
Scorching it appears to be the smaller trees which have
"Ctained their ability to resprout and especially from basal
CPicormic buds. This is also somewhat unexpected since
Arger trees are presumed to have a greater underground
tore of living tissue, sources of dormant buds, and the
Water and nutrient reserve to nurture regeneration. There
Nas no indication, however, that sheoaks suffer any more

an banksias during severe fires, as previously suggested

Table 3

Mean diameters and heights (se) in May 1990 for response
Cﬂt_eﬁories of trees in the Kings Park trec survey. Values
Within a category with different superscript letters are

different at p<0.05 by Fisher’s LSD.

RESPONSE CATEGORY
Taxa Killed by Resprouted Stem Basal
Fire but died Resprouters Resprouters
MAMETER (cm)
She rems 1594110 24943.6°  17.541.0°  11.040.5°
ghggall:s—all 213125°  302t4.8°  17.8£1.4°  11.2+0.6°
ks
g emale 278+450  475:25° 2374560 13.2414°
C0aks—
M 174428 2678560 17.3£14%  105:0.7¢
Aunkslas—all 1374112 16442.0°  16.441.12 9.8+0.7°
Others 15.6£3.5° — 1054312 17.325.12
Al CHT ()
She, tems 6.4+0.3b 7.940.74 7.520.3 5.540.2¢
she;’:is-an 7.8+0.6° 8.840.8° 7.740.4 5.6+0.2¢
ShFemale 9.441.0¢  12.0%0.12 764090  55+03b
Coaks—
Batll;‘g? U. 6.8£0.77 843090  7.6:041  56£020
A SiRs—all  58£03°  6.1:0.7% 7.040.5% 4.8+0.2¢
Others 6.0£0.67 — 6.042.00 8.441.0°
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(Main & Serventy 1957, Beard 1965, Baird 1977). In fact,
sheoaks were the most tolerant of species, being reduced
by only one-fifth, although all species were drastically
affected.

The emergent eucalypt component of the tree canopy
has been greatly altered by this severe fire. Another such
fire could be expected to kill many of the remaining canopy
treces leading to the resulting vegetation being more
properly characterized as a shrubland with occasional
emergent trees.

Richer and Serventy (1991) argue that the regeneration of
eucalypts in Kings Park following fires of the 1930’s was
limited due to competition for summer moisture with the
undergrowth of banksias and sheoaks. Seedlings of the
banksias and sheoaks will also suffer in competition with
the established resprouting shrubs and remaining trees,
further restricting the number of trees in the region.

Hazard-reduction burning in the 1950s and 1960s accel-
erated the conversion of the vegetation from a eucalypt-
dominated to a sheoak-dominated woodland in this area of
Kings Park (Main and Serventy 1957, Beard 1967). The 1989
severe wildfire appears to have accelerated this process. Of
interest, however, is that the direction of this successional
change is in direct contrast to that proposed for Euca-
lyptus /Casuarina associations in eastern Australia based
on paleogeographical evidence from Lake George {Singh
and Geissler 1985). However, the Casuarinas referred to
from the pre-historical Lake George habitat would be more
like Casuarina obesa and not of the fire-tolerant Allocasuarina
fraseriana-type.

The permanent transect of mapped trees established in
this study will allow the documentation of further changes
in the tree population structure in Kings Park in coming
years. For cxample, seedling regeneration is being fol-
lowed and is to be assessed as part of a separate study of
sub-canopy level responses to the January 1989 fire.
Maintenance and protection of Kings Park as an urban
bushland is an important virtue for city residents and the
majority of park users want the part left “undisturbed”
(Johnson ef al. 1974). Unfortunately, given the continued
expectation of further vandal-lit fires in the park, it is more
likely that trce numbers will continue to decline in this
inner city bushland.

Acknowledgments: We arc indebted to the students of the 1989 Botany 200
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and the cooperation of the Director, Dr Paul Wycherley, and the staff of
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